Study Design: Open-label, prospective study. Objective: To establish the amplitude-ratio of V-response and D-response (V/D-ratio) as a new measure of spasticity, comparing the motor eect of the H-re¯ex to the sensoric input. Methods: In 13 legs of seven patients with spasticity and in four legs of patients without central nervous system disease, maximal M-response and maximal H-re¯ex were recorded. Lumbosacral SEP's were recorded with the same stimulus parameters as the maximal H-re¯ex. H/M-ratio and V/D-ratio were compared to the increased muscle tone. Results: The H/M-ratio and the V/D-ratio in legs with spasticity diered signi®cantly from the H/M-ratio and the V/D-ratio in normal legs. But only the V/D-ratio was higher in legs with moderately or highly increased muscle tone than in legs with slightly increased muscle tone.
Introduction
Several electrophysiological methods are known to be suitable for the evaluation of the basic segmental pathophysiological mechanisms of spasticity.
1 F-waves are motor responses produced by antidromic activation of motoneurons following stimulation of motor axons peripherally. The F-wave-amplitude parameters (e.g. the F-wave maximal amplitude, the mean F-wave amplitude, the ratio of F-wave to M-response maximal amplitudes (F max /M) and the ratio of Fwave mean to M-response maximal amplitudes (F mean / M)) can be used for the assessment of alpha motoneurone activity. 2 The response of the ankle tendon-re¯ex can be studied utilizing a hand-held electronic re¯ex hammer that triggers the sweep of a standard EMG apparatus. 3 The H-re¯ex is a re¯ex response in calf muscles following submaximal stimulation of the posterior tibial nerve. The re¯ex arc of the H-re¯ex includes input from large, fast conducting Ia ®bers. The H-re¯ex does not include muscle spindle activation. 4 So the amplitude ratio of the tendon-re¯ex to the H-re¯ex (TA/H-ratio) can be used for the assessment of gamma motoneurone activity. 1 Flexor re¯exes are polysynaptic sensorimotor mechanisms causing withdrawal of skin areas from a potentially oending stimulus. The¯exor re¯ex evoked in the tibialis anterior muscle by stimulation of the medial plantar nerve can be used for the assessment of common interneurone activity. 1 Due to a presynaptic inhibition of spindle Ia aerents the vibration of the Achilles tendon inhibits the H-re¯ex of the soleus muscle for the duration of vibration. Because presynaptic inhibition is reduced with upper motoneuron lesions the amplitude ratio of the H-re¯ex during vibration of the Achilles tendon to the maximum Hre¯ex (H vibrated /H maximal ) can be used for the assessment of presynaptic inhibition. 1 The ratio of maximum Hre¯ex to maximum M-response is also known to be a measure of spasticity. 5 It has been argued 6 that this ratio is even more sensitive to changes in motoneuronal excitability than the F-responses.
On the other hand, despite clinically decreased muscle tone the ratio was not in¯uenced by several dierent pharmacological antispastic therapies, 7 whereas the F-wave-amplitudes were reduced by physical therapy. 8, 9 Thus F-wave-amplitude-parameters are regarded to be more precise for the assessment of motoneuronal excitability than the Tand H-re¯exes. 2 Nevertheless a reanalysis of the data from the studies on the eect of physical therapy 8, 9 revealed that about half of the spastic patients under medication had normal F-waveamplitudes and increased muscle tone. So there is a need for other electrophysiological parameters for documenting spasticity. There are hints that Mamplitudes are decreased by central lesion. In a group of patients with spastic hyperre¯exia studied by Fisher, 10 the amplitudes of M-responses were signi®cantly (P50.005) decreased compared to normal controls. The reason for this decrease in M-amplitudes has not been established, but a tendency for lower M-amplitudes in patients with central lesions has been observed by other authors as well.
11 ± 15 Therefore there should be an attempt to establish an amplitude-ratio, which is not dependent on muscle responses. This should be possible with the use of lumbosacral somatosensory evoked potentials (SEP).
After the stimulation of the tibial nerve in the popliteal fossa two dierent negative lumbosacral potentials were recorded at the L5 spinous processus (dorsal-root=D-response; ventral-root=V-response). 16, 17 The second potential (V-response) showed similar response characteristics to the H-re¯ex. The second potential appeared alone at the L4 level when the stimulus intensity was adjusted to elicit a well de®ned H-re¯ex response but a minimal direct muscle response. Increasing the stimulus strength further caused the ®rst potential to appear and a maximal stimulus caused the ventral-root potential to decrease while the dorsal-root potential increased. The ventral root potential tended to have longer latency when recorded from more caudal levels (e.g. level L5 or S1). 16 Nevertheless some authors thought it to be a volume-conducted spinal cord activity. 18, 19 However it could be shown that only the V-response at the L5 spinous processus and not the spinal cord activity (Sresponse) at the Th12 or L1 spinous processus was suppressed by vibration of the Achilles tendon like the H-re¯ex. So the ventral root wave most likely represents re¯ex out¯ow in motor axons through the ventral roots. 20 It was shown that the lumbosacral SEP remained stable for more than a year in healthy volunteers and in patients with nonprogressive neurological disorders. 21 Several authors published recruitment curves. 17, 20, 22 StoÈ hr 22 analyzed the lumbosacral SEP in a healthy volunteer using stimulus intensities of 18, 28 and 60 mA. With a stimulus intensity of 18 mA he produced no M-response, an inconstant H-re¯ex, a clear-cut D-response and a very small V-response. A stimulus intensity of 28 mA evoked a small M-response, a maximal H-re¯ex amplitude, and a clear-cut D-response and Vresponse. At the maximal stimulus intensity of 60 mA the amplitude of the D-response increased but the Vresponse was so small that it was hard to identify.
In this study we tried to establish the amplituderatio of V-response to D-response (V/D-ratio) as a new measure of spasticity. H/M-ratio and V/D-ratio re¯ect dierent aspects of the re¯ex volley in the lower extremities. The H/M-ratio re¯ects the eerent eect of the H-re¯ex in comparison to the highest possible eect, saying nothing about the aerent input. In fact the muscle response produced by the re¯ex volley is compared to the direct muscle response produced by maximal stimulation. The V/D-ratio compares the motoric output of the re¯ex volley estimated by the amplitude of the ventral root potential to the sensoric input estimated by the amplitude of the dorsal root potential of the lumbosacral somatosensory-evoked potentials.
Methods
Thirteen legs of seven patients with spasticity due to multiple sclerosis and four legs of three patients without central nervous system disease were investigated. All patients had given informed consent. Spasticity was clinically rated according to the modi®ed Ashworth scale. 23 During the rating the patients were in a lying position. During the electrophysiological recording they lay supine on a couch. The maximal M-response and maximal H-re¯ex were recorded from the calf muscle using a stimulus pulse of 0.5 ms duration and a stimulus frequency of 0.2 Hz for the H-re¯ex. Lumbosacral SEP's were recorded with the same stimulus parameters as the maximal H-re¯ex. Stimulus intensity was 17.65 mA on the average (SD=10.2 mA). This is high above the sensory threshold, which is usually at a stimulus intensity of some 4 mA. 24 The recording electrode was placed on the spinous processus at L5, the reference electrode was placed over the contralateral bony prominence of the anterior superior iliac spine. The potentials were recorded using a`Toennies multiliner' with a bandpass of 100 ± 3000 Hz. Twohundred responses were averaged per trial. Two trials were performed on each leg, so the electrophysiological procedure took about 60 min for each leg. Therefore the electrophysiological procedure was performed in separate sessions for each leg. The amplitudes of the negative D-and V-responses were measured against the next positivities. Then the mean of the amplitudes of the D-and V-responses of the two trials was taken into consideration. H/M-ratio and V/D-ratio were compared to the rating of the increased muscle tone. Statistics were performed with the U-test (MannWhitney-Wilcoxon two sample statistics).
Results
In the 13 legs with spasticity, the muscle tone was rated in four legs as slightly increased (Ashworth scale 1), in four legs as moderately increased (Ashworth scale 2), in four legs as highly increased (Ashworth scale 3) and one leg was rigid in extension (Ashworth scale 4). All patients with spasticity had severe hyperre¯exia with cloni.
The H/M-ratio in legs with spasticity was 41.73% (SD 14.65%). This diered signi®cantly (P=0.02) from the H/M-ratio in normal legs (mean 17.88% SD 13.42%). However the H/M-ratio was not signi®cantly higher in legs with moderately or highly increased muscle tone than in legs with slightly increased muscle tone (see Figure 1) .
The V/D-ratio in legs with spasticity was 119.22% (SD 71.54%). This diered signi®cantly (P=0.01) from the V/D-ratio in normal legs (mean 44.00% SD 12.72%). It was also higher (P=0.05; for examples see Figure 2 , for all data see Figure 3 ) in legs with moderately increased muscle tone (Ashworth scale 2) and in legs with highly increased muscle tone (Ashworth scale 3) than in legs with slightly increased muscle tone (Ashworth scale 1).
H/M-ratio and V/D-ratio were signi®cantly correlated (r=0.6; P=0.01; see Figure 4 ). Stimulus intensity was 17.54 mA (SD=11.22 mA) in legs with spasticity and 18 mA (SD=7.12 mA) in legs without spasticity. There was no signi®cant correlation between stimulus intensity and A/D-ratio (r=0.01; P=0.97).
Latencies in legs with spasticity were 30.12 ms (SD 
Conclusion
Lumbosacral SEPs are dicult to record. In our group of patients we managed to record stable somatosensory-evoked potentials perhaps because the lower limit of our bandpass was raised to a frequency of 100 Hz.
To our knowledge two studies have investigated lumbosacral SEP in spasticity. 25, 26 They did not consider the amplitude of the V-response and discussed only the spinal cord response with partially contradictory results. So our study is the ®rst to consider the variation of the V-response under the in¯uence of spasticity.
The lumbosacral V/D-ratio is increased in spasticity and shows an even closer relationship to increased muscle tone than the H/M-ratio. This is perhaps due to the fact that the H/M-ratio picks up the eerent re¯ex volley only in the soleus muscle while the Vresponse re¯ects a more global output to many dierent muscles. This is exaggerated in spasticity. Nevertheless the V/D-ratio is signi®cantly correlated to the H/M-ratio. The ventral root response most likely re¯ects the eerent re¯ex volley in alpha motoneurons. But it is not clear how far the dorsal root response re¯ects the aerent volley of the Hre¯ex. Since a normal spinal response at L1 was found in patients with Adie-Syndrome and absent Hre¯ex 27, 28 there should be no major contribution of Ia sensory ®bres to the spinal response at L1. It remains uncertain how much they contribute to the dorsal root response at L5.
Further studies are needed to elucidate the basic pathophysiological mechanism which is re¯ected by the increased V/D-ratio in spasticity, but the V/D-ratio can now be used to document spasticity and to monitor antispastic therapy. 
